Summary It was described karyotypes of 6 species (2nϭ18) collected in Rio de Janeiro, P. alata, P. edmundoi, P. malacophylla, P. mucronata, P. galbana, P. quadrangularis. To do that young root tips were either obtained from seedling or adult plants. The arm ratio for each chromosome (r), total haploid chromatin length (THC), and asymmetry index (TF%) were calculated. Some differences as THC, TF%, position of the centromere, and number, type and position of satellites were observed among the species studied. The species showed metacentric and submetacentric chromosomes, except P. galbana that showed only metacentric chromosomes. P. malacophylla revealed the smallest THC (14.67 µm) while P. quadrangularis revealed the largest (33.58 µm). The karyotypes varied in relation to other specimens studied and this result, allied to chromosome segregation studies, suggests the existence of intraspecific karyotypic variation in Passiflora species.
Material and methods
The plant material studied came from seeds and cuttings collected in some regions of Rio de Janeiro. The collected species were cultivated and kept in a greenhouse at the Research Support Unit at UENF. The voucher specimens are held at the Campinas Agronomic Institute (IAC) in SPBrazil. The species analysed, their chromosome numbers, provenance and voucher numbers are listed in Table 1 .
To study karyotypes, young root tips were collected from adult plants or obtained from seedlings. Root tips were pre-treated with 0.002 M 8-hydroxyquinoline at 4°C for 24 h, fixed in ethanol-acetic acid (3 : 1) for 2 h at room temperature and stored at Ϫ20°C, for at least 24 h . After washed, the root tips were hydrolysed for 20 min in 5.0 N HCl at room temperature and stained with Feulgen for 1 h. Squashes were made in 1% acetic carmine. The observations and photographs were performed on Olympus B202 optical microscope.
The morphological chromosome data used in this study included: a) absolute length of chromosome short and long arms, b) absolute length of individual chromosomes, c) haploid chromosome length (HCL), d) arm ratio for each chromosome (rϭlong arm/short arm), e) index total form percent (TF%, Huziwara 1962) . Karyotype asymmetry was determined by using the TF% while absolute length chromosomes and arm ratio were used to determine the homologous chromosomes. Karyotypes were arranged in groups according to the position of centromere (Levan et al. 1964) , metacentricϭm (r 1.00-1.66), submetacentricϭsm (r 1.67-2.99), subtelocentricϭst (r 3.00-6.99), telocentricϭt (r 7.00-ϱ) and the satellites were classified according to the nomenclature of Battaglia (1995) . The mean value of the chromosome lengths was obtained from the measurements of 5 metaphases of different plants and was used for the construction of the idiograms. The satellite lengths were always added to the lengths of the respective arms. Statistical analyses were performed using the Genes computer program (Cruz 2001) .
Results
Statistical analysis showed significative differences (pϽ0.05, test F) among Passiflora species in relation to the karyotype for the CLH trait, showing genome size variation. Differences in absolute length of individual chromosome were observed among species (Table 2), the largest value being up to 320% greater than the smallest and the values ranged from 1.37 (P. malacophylla)-5.36 µm (P. quadrangularis). In the Table 3, the chromosomes characteristics are shown. The mitotic metaphases of each species are presented in the Fig. 1 shown in Fig. 2 . All species had the same chromosome number, 2nϭ18. It was observed different numbers of metacentric and submetacentric chromosome pairs among species, and the same occurred in relation to the satellites number and localization. P. galbana showed just metacentric chromosomes. The karyotypes of species analysed were asymmetric being observed a mean variation of 63% between smallest and largest chromosome within each species. The mean asymmetry index was 43.4% though P. quadrangularis had showed the smallest index, 38.68%. The number of satellites ranged from 1 to 2 among species being the microsatellite type the most observed.
Discussion
Some Passiflora species presented variation in chromosome morphology in relation to previous studies. The presence of 2 pairs of largest chromosomes, satellites and secondary constrictions were characteristics in some taxa of Passiflora genus . Therefore a similar pattern was not found in the analysed species in this study. P. quadrangularis was characterized by the presence of satellites in the chromosome pairs 1 and 8. Beal (1972) reported the presence of 5 satellited chromosomes in this species, but the mean length of the chromosomes (3.4-4.5 µm) was very similar to ones found in this study (3.01-4.51 sµm). P. alata showed satellites on the 2 largest pairs of chromosomes while Melo et al. (2001) observed satellites on the 2 smallest pairs agreeing with Mayeda (1997) although more than 8 satellited pairs have been identified in the prometaphase by Melo et al. (2001) . P. alata chromosome length is according to the values found by Mayeda (1997) , except the 9 pair which showed a difference of 12% in relation to absolute length. It was observed satellites in the chromosomes pairs 5 and 6 of P. mucronata while Melo et al. (2001) observed satellites on the 2 smallest pairs.
It was found variation in relation to the satellite number in P. edulis f. flavicarpa. Mayeda (1997) reported the presence of 2 satellited chromosome pairs while Soares-Scott et al. (1999) observed at least 3 satellited pairs and Oliveira and Coleman (1996) found secondary constriction on the pair 8. Such differences may occur as a result of either sample preparation quality (Mayeda 1997) or genetic variation among populations resulting in intraspecific karyotype variation as consequence of structural rearrangements. Cid and Palomino (1996) and Moscone (1990) have reported such variations in others species where some differences were observed in karyotypes from different populations reflecting the response of these genomes to different habitats, as observed in Crotalaria species (Palomino and Vazquez 1991) . Meiotic analyses in Passiflora species have showed the presence of multivalent associations and bridges (Souza 2002) , which may reflect structural changes such as inversions, translocations, deletions and duplications (Bradham 1970 , Kenton 1981 and that possibly represent an important source of variability in the species. Mutation normal ratio may result in different chromosome patterns. However, a small percentage of these mutations are able to remain to after passing for the firsts mitotic and meiotic tests for stabilizing on the genome (Jones 1970) . O CLH ranged up to 225% among species. Variation of genome size in Passiflora species has been observed by flow cytometry so that the nuclear DNA content may vary among species, the largest value being up to 192% greater than the smallest (Souza et al. 2001a , b, Souza 2002 . P. quadrangularis was the species that showed the largest CLH agreeing with the DNA content results obtained by flow cytometry (Souza et al. 2001a , b, Souza 2002 . DNA content variation has effect on the chromosome size (Price 1988 ) and the variation observed in the genome size among relative species has been related to the differences of the DNA repetitive sequence quantity in their genomes (Kubis et al. 1998) . However it has been showed that such variations may have an important role in the plant adaptation such as response to environment changes (Greilhuber 1998). According to Vieira et al. (1997) , there is an evolutionary trend to lose DNA content in the Passiflora species.
